Introduction
Renalase is a novel flavoprotein that is highly expressed in kidney and heart and probably metabolizes catecholamines and catecholamine-like substances [1] . Renalase is mainly expressed in the proximal tubules of the kidney and secreted in blood and urine. It has some similarities to monoamine oxidases, but distinct substrate specificity, indicating that it represents a new class of flavin-adenine dinucleotide (FAD) containing monoamine oxidases [2, 3] . Later studies indicated renalase expression also in the liver, skeletal muscles, Pawlik/Serdynska/Dabrowska-Zamojcin, et al.: Renalase Polymorphism in Patients After Renal Transplantation central nervous system, endothelium, and adipose tissues [4] . Renalase levels are regulated by: renal function, renal perfusion and catecholamine levels. There was a relationship between renalase levels, the glomerular filtration rate and kidney mass [5] . Marked renalase deficiency was observed in patients with end-stage renal disease (ESRD) [6] .
Human renalase is encoded by a 311Kbp gene with 10 exons located on chromosome 10q23.33. The major isoform of renalase contains 342 amino acids comprising a signal peptide, a flavin-adenine dinucleotide (FAD) binding domain, and a monoamine oxidase domain [7] . The most common isoform (renalase1) is encoded by exons 1-4, 6-7, and 9. It is the predominant human renalase protein detectable in plasma and tissues. The functional significance of the spliced isoforms is not known. A common missense polymorphism in the flavin-adenine dinucleotide-binding domain of human renalase (Glu37Asp) has recently been described. The polymorphism rs2296545 G>C results in a conservative amino acid change (glutamic to aspartic acid at amino acid 37) within the FAD-binding domain [8] . This polymorphism was associated with cardiac hypertrophy, dysfunction, ischemia and hypertension [8] . Because circulatory system and blood pressure influence renal function, this polymorphism may also be associated with function of renal allograft.
In this study we examined the association between (Glu37Asp) polymorphism (rs2296545) in renalase gene and kidney allograft function. The histories of the patients were analyzed, taking into account delayed graft function (DGF), acute rejection and chronic allograft dysfunction. DGF was defined as the need for hemodialysis within the first 7 days after transplantation. Acute rejection episodes were defined by clinical diagnosis (elevated serum creatinine in the absence of other pathology including infection, urinary tract obstruction, allograft artery stenosis or cyclosporine toxicity) and were confirmed by positive biopsy. Chronic allograft dysfunction was diagnosed by eliminating other causes such as: infections, urinary obstruction, allograft artery stenosis or cyclosporine toxicity and by changes in biopsy samples. This process was diagnosed clinically in patients having a slow persistent rise in serum creatinine at least 30% above baseline, usually accompanied by new or worsening hypertension and proteinuria (above 500 mg/24 h). Anatomical problems were excluded by ultrasound and nuclear scans. Biopsy criteria included the presence of interstitial fibrosis, tubular atrophy and, particularly, characteristic vascular changes such as hypertrophy of the arterial intima and smooth muscle (intimal thickening) and glomerular sclerosis. All biopsies were reviewed by a renal pathologist and the Banff working classification criteria were used in the histological classification of the biopsies. Blood samples were collected from all patients for genetic analysis at the start of the study and for the evaluation of creatinine concentration 1, 3, 4, 12, 24 and 36 months after kidney transplantation. Creatinine concentration was measured using a colorimetric method. Deteriorating renal transplant function was verified via biopsy, which was reviewed by a renal pathologist using the Banff working classification criteria. Patients with hemoglobin A1c continuously over 6.5%, fasting blood glucose ≥ 7.0 mmol/l, or requiring treatment with oral hypoglycemic agents or insulin continued for more than 3 months after transplantation were diagnosed as having post-transplant diabetes mellitus PTDM [9] .
Material and Methods
Immunosuppressive therapy consisted of cyclosporine A, mycophenolate mofetil and prednisone. The study was approved by the local ethics committee and informed consent was obtained from all subjects. 
Statistical analysis
The distribution of the genotypes and alleles was evaluated using the chi-square test with Yates' correction or Fishers' exact test. The serum concentrations of creatinine were compared between genotype groups using the non-parametric Kruskal-Wallis test. A p-value < 0.05 was considered statistically significant.
Results
The GG genotype was present in 18.1%, the CG in 46.3% and the CC in 35.6% of the recipients. The distribution of genotypes studied was in Hardy-Weinberg equilibrium (p-value: 0.45).
Delayed graft function was diagnosed in 25.57% of the patients with the GG genotype, 33.60% with CG and 30.21% with CC. The differences were not statistically significant (Table  1) .
Acute rejection was diagnosed in 26.53% of the carriers of the GG genotype, 27.20% of CG carriers and 23.96% of those with CC. The differences were not statistically significant (Table 2) .
Chronic allograft dysfunction was diagnosed in 28.57% of the patients with the GG genotype, 21.60% with CG and 21.88% with CC. The differences were not statistically significant (Table 3) .
Post-transplant diabetes mellitus was diagnosed in 13.33% of the patients with the GG genotype, 14.46% with CG and 12.50% with CC. The differences were not statistically significant (Table 4) . 
Creatinine concentrations 1, 3, 6, 12, 24 and 36 months after transplantation did not differ significantly between the different genotypes and alleles of the renalase gene rs2296545 polymorphism (Table 5) . Likewise, the blood pressure values after transplantation were not associated with the renalase gene rs2296545 polymorphism ( Table 6 ).
The causes of renal failure in renal allograft recipients were: chronic glomerulonephritis (58%), hypertension (9%), diabetes (9%), chronic pyelonephritis (5%), systemic lupus erythomatosus (4%), autosomal dominant polycystic kidney disease (4%), vesico-ureteral reflux (3%) and Alport syndrome (1%). The cause of renal failure remained unknown in 7% of studied patients. We analyzed the associations between causes of renal failure and renalase genotypes; the differences were not statistically significant.
Discussion
In this study we analyzed the association between the renalase gene rs2296545 polymorphism and kidney allograft function. There were no statistically significant associations between this polymorphism and early and late graft function.
In recent years, renalase has been found to be closely related to the activity of the renal sympathetic nerves and blood pressure [10] . Clinical and animal studies have shown that the increased activity of the sympathetic nerves and elevation of blood pressure are usually accompanied by reduction in renalase expression, and that renalase deficiency may cause an increase in blood pressure and activity of the sympathetic nerves [3] . Studies have shown that kidneys are the main source of renalase production [6] . Moreover renalase can degrade catecholamines and has enzymatic hydrolysis action against dopamine, followed by adrenaline and noradrenaline [3] . Renalase is the only enzyme known to be secreted into blood that can degrade circulating catecholamine and may have a great value in prevention of kidney and cardiovascular diseases. Previous studies have demonstrated the possible effects of renalase in chronic renal failure and cardiovascular diseases [11] . Data from clinical studies has shown that renalase level significantly decrease in patients with stroke and chronic kidney diseases [12] [13] [14] [15] [16] [17] , whereas elevated levels of renalase in heart and kidney transplant recipients were observed. The increased levels of renalase were predominantly dependent on kidney function, which deteriorates with time after transplantation [12] [13] [14] . Likewise, elevated renalase levels in hemodialysis patients may be due to impaired kidney function and correlated with creatinine and residual renal function [15] [16] [17] .
So far the polymorphisms in the renalase gene were not widely investigated. The studies have examined the relationship between polymorphisms in the renalase gene and the risk of development of hypertension, coronary artery disease, stroke and diabetes. Because abovementioned diseases may influence renal function this polymorphism may also be associated with function of renal allograft.
Zhao et al. examined renalase gene polymorphisms in patients with hypertension. These authors revealed that rs2576178 GG and rs2296545 CC genotypes were associated with an increased risk of hypertension in Chinese population [18] . Buraczynska et al. investigated the involvement of renalase gene polymorphisms in hypertension in type 2 diabetes patients [19] . The C allele of rs2296545 SNP was associated with hypertension. For rs2576178 SNP, genotype frequencies in hypertensive patients differed from controls, Table 5 . The association between RNLS rs2296545 genotypes and serum creatinine after transplantation Table 6 . The association between RNLS rs2296545 genotypes and blood pressure after transplantation Pawlik/Serdynska/Dabrowska-Zamojcin, et al.: Renalase Polymorphism in Patients After Renal Transplantation but not from normotensive patients. For rs10887800 SNP, the differences in the G allele frequencies were observed in hypertensive patients with stroke. Stec et al. assessed the relationship of two renalase gene polymorphisms with hypertension in dialyzed patients [20] . They found that not only the G allele frequencies of rs2576178 showed a significantly higher incidence, but also G allele frequencies of rs10887800 showed a significantly higher incidence in hypertensive hemodialysis patients. The carrier state of the G allele of the rs2576178 polymorphism was associated with a 1.55 fold higher risk of hypertension, while the carrier state of the G allele of the rs10887800 polymorphism was associated with 1.76 fold higher risk. Fava et al. assessed whether the polymorphisms in renalase gene (rs2576178 and rs2296545) could affect blood pressure levels, hypertension prevalence, and risk of incident cardiovascular events [21] . The data of these authors do not support an important role for the renalase polymorphisms in determining blood pressure and development of hypertension. Farzaneh-Far et al. examined renalase gene SNP (rs2296545) in patients with coronary artery disease [8] . The GG and CG genotypes were associated with cardiac hypertrophy, ventricular dysfunction, poor exercise capacity, and inducible ischemia in persons with stable coronary artery disease. Zhang et al. found close relation between renalase polymorphisms and stroke [22] . Two polymorphisms rs10887800 and rs2576178 were significantly associated with ischemic stroke and hypertension.
Conclusion
In this study there were no statistically significant association between renalase gene rs2296545 polymorphism and kidney allograft function as well as creatinine serum concentrations and blood pressure values after transplantation. This lack of association may be due to altered regulation of renalase production in transplanted kidney. The regulation of renalase production is not fully known. Previous studies on animal model showed that renal denervation was associated with increased plasma renalase concentration and renalase expression in the kidneys in hypertensive rats [23] . Probably other factors than genetic polymorphisms play the crucial role in the regulation of renalase production in transplanted kidney, nevertheless this hypothesis requires further investigations.
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